INTRODUCTION
The Heliothis zea nuclear polyhedrosis virus (HzSNPV) belongs to subgroup A of the family Baculoviridae and has been subtyped as an SNPV because enveloped virus particles contain a single nucleocapsid. SNPVs isolated from several Heliothis spp. worldwide are all related on the basis of restriction endonuclease profiles (Gettig & McCarthy, 1982) and structural protein analyses (Monroe & McCarthy, 1984) . However, significant differences in virulence between isolates have been detected (Hughes et al., 1983) .
Previously, investigations of polypeptides induced by baculoviruses have been reported only for the MNPV from Autographa californica (AcMNPV) (Carstens et al., 1979; Wood, 1980a; Dobos & Cochran, 1980; Maruniak & Summers, 1981; Kelly & Lescott, 1981) and the nonoccluded baculoviruses, Hz-1 (Burand et al., 1983) and Oryctes virus (Crawford & Sheehan, 1985) . Although HzSNPV has been reported to replicate in cell cultures (Ignoffo et al., 1971; Goodwin et al., 1973; Granados et al., 1981 ; Mclntosh & Ignoffo, 1981 ; Yamada et al., 1982) , detailed replicative cycle studies have not been reported for this or any other SNPV.
Recently, we developed a tissue culture system from the IPLB-HZ-1075 cell line (Goodwin et al., 1982) which can be used to study the replicative cycle of HzSNPV in greater detail (Gettig, 1983) . In this paper we document the initiation of viral DNA replication and the temporal appearance of virus-induced polypeptides. On the basis of apparent tool. wt. by SDS-PAGE, we have compared the virus-induced proteins to the structural proteins isolated from tissue culturederived extracellular and occluded virions.
The virus was grown in the IPLB-HZ-1075A cell line which is a subline of the IPLB-HZ-1075 line reported by Goodwin et al. (1982) . The cells were grown at 28 °C in IPL-52B medium (Goodwin & Adams, 1980) supplemented with 4% foetal calf and 4% chicken serum. Virus inoculum was obtained from haemolympb of infected H. zea larvae and passaged a maximum of five times in vitro. Extracellular virus (ECV) was plaquepurified three times and titrated using a modification of the plaque assay procedure of Gettig (1983) . Briefly, cells were seeded in multiwell plates as described below, rocked for 2 h with 0-25 ml virus inoculum, and overlaid with 1~ w/v Sea-Plaque agarose (FMC, Rockland, Me., U.S.A.) in IPL-52B medium. Plaques were visible in 5 to 7 days at 28 °C.
Cell inoculation procedure. Virus replication experiments were performed in multiwell plates (Falcon no. 3047) as follows. HZ-1075A cells from spinner cultures were seeded at a concentration of 1.5 x 105 cells/well in 1.0 ml medium and allowed to attach overnight. Cells were infected by replacing the medium with 0.3 ml medium containing 5 or 10 p.f.u./cell (time zero) and rocking the plates for 2 h at room temperature. The virus inoculum was then removed, 1.0 ml fresh medium was added, and the cells incubated at 28 °C.
Extracellular virus growth curve. Following inoculation (10 p.f.u./cell), the cell monolayers were rinsed twice with fresh medium. At specified time intervals, the medium was carefully removed, centrifuged at 1000 g for 10 rain, and the supernatant stored at 4 °C prior to titration by plaque assay.
[35S]Methionine-labelled virus-induced proteins. Labelling of HzSNPV virus-induced polypeptides was performed using a modification of the procedure reported for AcMNPV proteins (Wood, 1980a) . Infected cells were starved foi" 1 h in Grace's medium without amino acids, and then pulse-labelled for 1 h with 75 p.Ci/ml [3SS]methionine (New England Nuclear). The cells were then resuspended and pelleted by centrifugation at 1000 g for 5 min. Samples containing 50000 c.p.m, of incorporated [35S]methionine were fractionated on 11X SDSpolyacrylamide gels (Laemmli, 1970) . Samples contained approximately equal numbers of cells between 4 and 28 h post-infection (p.i.). Later time points represent a larger number of cells. Following electrophoresis at 6 W for approximately 3 h, the gels were dried and exposed to Kodak XRP X-ray film at -70 °C. The autoradiograms were scanned using a Helena Laboratories (Beaumont, Tx., U.S.A.) Quick Scan densitometer and analysed with Appligration II (Dynamics Solution Corp.) computer software. The mol. wt. values were calculated using ~*Cmethylated protein standards (Amersham): myosin (200K), phosphorylase b (92.5K), bovine serum albumin (69K), ovalbumin (46K), carbonic anhydrase (30K) and lysozyme (14-3K).
[3 s S]Methionine.labelled extracellular virus. Following inoculation, infected and uninfected cells were incubated in IPL-52B medium containing [35S]methionine (125 ~tCi/ml) for 72 h. The ECV was isolated from the medium by first centrifuging at 1000 g for 10 min to remove any ceils and then pelleting the virus through a 20~ (w/w) sucrose cushion by centrifugation at 92000 g for 60 rain. For a control, unlabeUed ECV was added to the cell supernatant of labelled, uninfected cells and was processed in an identical fashion. Infected and control virus pellets were dissociated and analysed by SDS-PAGE.
Structuralproteins of occluded virus. Tissue culture-produced occlusion bodies (OBs) were purified from the cell debris by three 1X SDS washes and four to eight deionized water washes. The OBs were dissociated in 0-05 ~-Na2CO3-0.15 M-NaCI (pH 11.0) (5 x 108 OBs/ml) by stirring at room temperature for 15 min. The pH was lowered by adding 1/3 vol. 1 ~-Tris-HCl pH 7, and the sample was centrifuged at 1000g for 20 min to remove undissolved OBs. The supernatant was layered over a 20~ (w/w) sucrose cushion and centrifuged at 92000 g for 60 min. The OB protein (supernatant, top 1/3) and virus (pellet) proteins were analysed by SDS-PAGE. The proteins were stained using either Coomassie Brilliant Blue (Wood, 1980b) or silver staining (Morrissey, 1981) procedures.
DNA isolation and slot-blot hybridization. HzSNPV-infected cells were harvested at 2 h intervals, pelleted at 1000g for 10min, and resuspended in 10 mM-Tris-HCl, 1 mM-EDTA pH 7.4. Total DNA was isolated and purified as previously described (Burand & Wood, 1986) . RNA was removed by digestion with RNase A (40 ~tg/ml) followed by two cycles of ethanol precipitation. DNA concentration and purity were determined by absorbance at 260/280 nm (Maniatis et al., 1982) , Samples containing 2 ~tg DNA (equivalent to extractable DNA from 1.1 + 0.27 × 104 cells) were blotted onto nitrocellulose paper using a Schleicher & Schuell minifold II according to the procedure of Wood et al. (1982) . The filters were probed with nick-translated HzSNPV DNA (sp. act. 1 x 10 s c.p.m. 32P/lag ) (Rigby et al.. 1977) in 50~ formamide (Howley et al., 1979) and washed under stringent conditions. Following autoradiography, the individual slots were excised and the activity counted in a Beckman LS5801 scintillation counter.
RESULTS

Extracellular virus release
The titres of infectious ECV from HzSNPV-infected HZ-1075A cells during the replication cycle are shown in Fig. 1 HzSNPV replication in cell culture 
Viral DNA synthesis
The accumulation of viral DNA in infected ceils was followed using a slot-blot DNA :DNA hybridization procedure. As shown in Fig. 2 , viral DNA replication was first detected at 14 h p.i. and the DNA accumulated in the cells at an exponential rate up to 30 h p.i. The hybridization detected prior to 14 h p.i. represents the inoculum virus. Under the conditions employed, no hybridization with HZ-1075A cell DNA was detected.
Virus-induced protein synthesis
The synthesis of 38 virus-induced polypeptides with mol. wt. ranging from 13K to 128K was detected between 8 and 48 h p.i. (Fig. 3) . Host cell protein synthesis continued throughout the viral replication cycle but at gradually decreasing levels. For example, a major 44K host polypeptide was detected up to 24 h p.i.; its rate of synthesis then gradually decreased and it was not detected after 40 h p.i. (Fig. 3) . Mock-infected cells labelled at 4, 12, 24 and 36 h showed identical protein profiles (Fig. 3, lane C) .
Virus-induced protein synthesis could first be detected above the host cell background at 8 h p.i. (37K and 59K). Once initiated, specific virus-induced proteins were continuously synthesized for the remainder of the experiment (48 h). One exception is the 30K protein which could not be detected after 28 h (Fig. 3) . The mol. wt. values for the virus-induced proteins and the time of their first appearance are listed in Table 1 .
[3s S]Methionine-labelled ECV
Labelled ECV particles were disrupted and separated by SDS-PAGE (Fig. 4, lane 3) . A total of 23 proteins were detected in purified ECV samples. However, eight of these proteins were also observed in control samples (uninfected, labelled cells plus unlabelled virus). Of the remaining 15 proteins, 14 comigrated with virus-induced proteins ( Fig. 4 and Table 1 ). The remaining heavily labelled 61K protein was not detected in pulse-labelled (lane 2) or in 72 h continuously labelled (lane 4) virus-infected cells.
Occluded virus structural proteins
Occluded virus from tissue culture-derived HzSNPV OBs was disrupted and the proteins were analysed by S D S -P A G E (Fig. 5 ). Over 75~o of these virus particles were enveloped as determined by electron microscopy of negatively stained samples (data not shown). The OB matrix protein consisted of a single polypeptide with a mol. wt. of 30.5K (Fig. 5a ). Analysis of the enveloped virus particles revealed 32 structural polypeptides by silver staining (Fig. 5b) . Many of the proteins were weakly stained and are not apparent in the reproduction of the figure. The same proteins were identified with Coomassie Brillant Blue using much higher sample concentrations (data not shown). 
HzSNPV-specific intracellular proteins and structural proteins of extracellular and occluded virus
Structural proteins* The heavy band at 30.5K in Fig. 5 (b) is OB matrix protein which remains attached to the virus particle. Attempts to reduce the amount of polyhedrin using sucrose density gradient centrifugation, longer dissolution times, or higher dissolution pHs were not successful. The apparent tool. wt. values for the major structural proteins of the occluded virus and ECV forms are compared in Table 1 .
DISCUSSION
The accumulation of ECV in infected HZ-1075A ce|ls (Fig. l) does not appear to indicate a one-step growth curve. The second increase in ECV (80 to 90 h p.i.) was consistently observed with inoculations at both 10 and 25 p.f.u./cell. Therefore, it did not result from insufficient inoculum. We suspect that HzSNPV replication may be slower in a subpopulation of the cells resulting in this second increase in ECV late in the cycle. This could occur if the virus required a certain cell cycle stage for the onset of replication. It is not known if the overall slower replication cycle of HzSNPV in HZ-1075A cells as compared to AcMNPV replication in TN-368 or SF21AE cells (Wood, 1980a ) is a function of the tissue culture system or a property of the virus.
Viral DNA replication was detected after 12 h p.i., which is 12 h prior to production of infectious ECV. The decrease in intracellular viral DNA after 30 h p.i. is in part due to the budding of ECV from the cells.
Fourteen virus-induced proteins were detected prior to the onset of viral DNA replication (Fig. 3) . Eight of these early proteins were identified as non-structural proteins (Table 1 ). An additional 24 virus-induced proteins were detected after the initiation of DNA replication and are considered late proteins. Similar to the studies with AcMNPV (Carstens et al., 1979; Dobos & Cochran, 1980; Wood, 1980a; Maruniak & Summers, 1981) , temporal regulation of the virusinduced proteins is evident (Fig. 3) .
Two major virus-induced proteins (14K and 30.5K) were synthesized late in the replication cycle (Fig. 3) . The 30.5K polypeptide is considered to be the OB protein (Fig. 5) . Although it contains methionine, the time of appearance, size and dramatic rate of synthesis of the 14K protein suggest that it may be analogous to the 10K protein of AcMNPV (Smith et al., 1982 (Smith et al., , 1983 Rohel et al., 1983; Kuzio et al., 1984) . The function of the 10K AcMNPV protein is presently unknown.
Except for the 30K protein, once the synthesis of a virus-induced protein was detected, it was observed throughout the remainder of the replication cycle (Fig. 3 ). All the virus-induced proteins were detected by 28 h p.i. As with AcMNPV, no additional proteins were detected after initiation of the 30.5K OB protein synthesis.
Because of the low concentration of ECV produced and the difficulty in eliminating cellular contaminants, we used [35S]methionine-labelled ECV samples with appropriate controls for structural protein analyses. Fifteen ECV structural polypeptides were identified (Fig. 4) . Six of these structural polypeptides (86K, 74K, 43K, 39K, 31K, and 14K) are unique to ECV because they were not detected in occluded virus samples (Table 1) . They were first detected between 16 and 20 h p.i., just prior to maturation of infectious ECV.
The additional proteins detected in the ECV sample (see Fig. 4 , lane 3) and in control cell supernatants are presently assumed to be contaminating cell proteins. However, we cannot exclude the possibility that they may be host cell membrane proteins which envelop the ECV as it buds through the plasma membrane. Removal of the membrane and identification of these ECV envelope proteins has not been achieved.
The 61K protein is a major structural component of ECV ( Fig. 4) and occluded virus (Fig. 5 ). However, it was never detected as a virus-induced protein in pulse-labelling ( Fig. 3) or pulsechase experiments (data not shown). The 61K protein may be generated by modification of a structural protein at the time of virus maturation. This protein may not be detected in cell samples because maturation of ECV involves budding through the plasma membrane into the medium. In addition, following occlusion, the occluded virus structural proteins would not be detected in these studies due to the insolubility of the OBs during sample preparation.
